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Les oompos6s r6pondent & la fbrmule (M^ 
)M' ) O dans laquelle n est 1 ou 2. et sent caract6ns6s en 
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13^^.2. et en ce que ledit com^pos6 prfesente une sur- 
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dans leauel on prepare un melange de precurseurs choisB 
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La presents invention a pour objet des composes oxydes 
de lithium et de metaux de transition, leur preparation et 
leur utilisation pour 1 • elaboration d' electrodes pour des 
batteries . 

5 on connait les piles et batteries au lithium. Les 

batteries dites "Lithium-ion" fonctionnent selon le prxncipe 
dit du "Rocking-chair" suivant lequel le lithium est trans- 
fere a I'interieur de la cellule electrochimique entre deux 
electrodes constituees par des composes d' insertion de 
10 lithium, a bas potentiel electrique pour le pole negatxf , a 
haut potentiel electrique pour le p61e positif. Elles 
comprennent des electrodes actives constituees par des mate- 
riaux tres varies. L'electrode positive doit etre constitute 
par un materiau qui presente un potentiel redox eleve et une 
15 haute capacite specifique ou volumique, et qui permet une 
bonne reversibilite de la reaction d- electrode au cours de 
cycles de charge (oxydation) et de decharge (reduction) . En 
outre, il est souhaitable que ledit materiau ne soit pas 
toxique et que son cout soit faible. 
20 Les composes du type LiMO, dans lesquels M represente 

CO Ni et/ou Mn presentent un bon compromis des criteres cx 
delsus. A titre d'exemple, on peut citer les phase LxCoO, 
CR.J. Gummow, et al. Mat. Res. Bull. 27 (1992), 327 ; 
H Sekai, et al, EP-89115940.2 ; K. Mizushima, et al. Mat. 
25 Res. Bull. 15 (1980), 783 et Solid State Ionics 3-4 (1981) 
171 ; US-A-4302518 ; US-A-4357215 ; M.G.S.R. Thomas, et al, 
J. Electrochem. Soc. 132 (1985) 132 ; J.J. Aubom, et al, 
Proc Symp. Lithium Batteries, (1986) p. 256]. On peut 
egalement citer LiNiO, qui a un plus faible pouvoir oxydant 
30 compare au compose de cobalt, ce qui permettraxt une 
meilleure stabilite de 1 • electrolyte [J.R. Dahn, et al. 
Solid State ionics, 44 (1990) 87]. 

La methode classique de preparation des composes LxMO^ 
consiste en un traitement thermique entre 700 et 900-C d'un 
35 melange de carbonates [Mizushima precite ; A. Mendiboure, et 
al Mat. Res. Bull. 19.(1984) 1382], d'oxydes ou d'hydroxy- 
des de cobalt et de lithium [A. Lecerf, et al, EP-89110158 
et EP0345707] ou d'acetates de cobalt et de lithium 
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[J.R. Dahn, et al. Solid State Ionics, 44 (1990) 87]. Ces 
methodes basees sur la reactivite en phase solide de melan- 
ges de poudres necessitent des traitements thenaiques de 
longue duree meme a haute temperature, afin d- assurer une 
5 homogeneisation chionique et une bonne cristallinite du 
produit final LiMO,. La voie "carbonate" par exemple neces- 
site une calcination sous air a 900-C. On a alors tente une 
Biethode de calcination a plus basse temperature, maxs les 
performances du LiCoO, obtenu se sont alors revelees moxns 
0 bonnes que celles du compose obtenu a 900'C [J-R. Dahn, et 
al J. Electrochem. Soc. 138 (1991) 2207]. La voie "oxydes 
comprend une calcination a 700'C ; les performances des 
produits obtenus sont analogues a celles des composes clas- 
siques [A. Lecerf, precite] . La voie "acetates" a permxs 
15 d-abaisser la temperature de calcination a 300 C 
rp. Barboux, et al, J. Solid State Ionics, 94 (1991) 158]. 

Le traitement thermique mis en oeuvre dans les precedes 
de I'art anterieur favorise neanmoins la croissance cristal 
line des poudres dont la granulometrie est generalement de 
20 quelques microns et la surface specifique, mesuree par la 
methode BET, est de I'ordre de 1 mV?- 

Le but de la presente invention est de f oumir un mate- 
riau apte a etre utilise comme materiau pour 1 • elaboration 
de I'electrode positive et/ou de I'electrode negative d'une 
25 batterie ou d'une pile au lithium presentant des performan- 
ces ameliorees par rapport aux materiaux de I'art anterxeur 
et pouvant etre obtenu a un cout moindre. 

A cet effet, la presente invention a pour obDet des 
composes qui sont des oxydes de lithium et de metal de tran- 
30 sition, un precede pour I'obtention de tels composes, axnsx 
que l.utilisation de ces composes pour 1 • elaboration d'une 
electrode positive ou d'une electrode negative dans une 
batterie ou une pile au lithium. 

un compose selon 1- invention, qui repond a la formule 
T.i_fM M' ) O dans laquelle n est 1 ou 2, est caracterxse 
;;rLe't: M%t M. sont identiques ou diff.rents et sont 
choisis parmi les metaux de transition, en ce que 0<x^, 
0<y51. l,8<z<2,2, et en ce que ledit conrposg preseute une 
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surface specif ique superieure a 1,5 mVg- 

Un compose dans lequel M et/ou M- est choisi parmi Ti, 
V, Mn, Cr, Fe, Co, Ni, Zr, Nb, Ta, W, Mo et Re est particu- 
lierement prefere. 

De preference, la surface specifique des composes de la 
presente invention, determinee par la methode de BET, est 

comprise entre 1,5 et 50 mVg* 

Dans la suite du texte, les composes de 1- invention 
pour lesquels n = 1 seront designes par LiMO^ et les compo- 
ses pour lesquels n = 2 par spinelles. 

Le procede de preparation des composes Li^CMi.^'x)^©^^ 
de la presente invention est un procede dans lequel on pre- 
pare un melange de precurseurs choisis parmi les sels des 
metaux M et M' concemes, on le seche et on le calcine. II 
est caracterise en ce que 1' on prepare le melange de precur- 
seurs en milieu liquide. 

Parmi les sels utilisables comme precurseurs, on pent 
citer les carbonates, les oxydes, les hydroxydes, les aceta- 
tes, les nitrates, les oxalates, les alcoolates et les al- 
20 coxydes. 

La preparation du melange de precurseurs en milieu Ix- 
quide comprend une etape au cours de laquelle les precur- 
seurs sont mis en solution et/ou en suspension dans un sol 
vant approprie. Ensuite le melange est extrait du milieu li- 
25 guide, seche et calcine. De preference, le solvant est 
choisi parmi I'eau et les alcools en Ci a C4. 

Dans un mode de mise en oeuvre du procede de 1' inven- 
tion, le melange de precurseurs est extrait du milieu li- 
quide et seche par atomisation (spray-drying). Ce procede 
30 consists a pulveriser la solution ou la suspension dans une 
atmosphere d'air ou d'azote porte a une temperature suffi- 
sante pour evaporer le solvant. L'on obtient ainsi des crxs- 
taux sees qui sont ensuite soumis a une calcination qui per 
met d'obtenir un compose selon 1' invention. 
35 Dans un autre mode de realisation, le melange de pre- 

curseurs est extrait du milieu liquide par co-atomisa- 
tion/calcination. Ce procede consists a pulveriser la solu- 
tion ou la suspension dans une atmosphere d'air ou d'azote 
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porte a la temperature de calcination. Le sechage et la cal- 
cination sont simultanes. On obtient ainsi directement un 
compose selon la presente invention. 

En outre, dans un troisieme mode de realisation, le me- 

5 lange de precurseurs est extrait du milieu liquide par cryo- 
dessication. Ce precede consiste a porter le milieu a une 
temperature inferieure a sa temperature de congelation, puis 
a mettre le milieu congele sous vide. Le melange de precur- 
seurs seches, obtenu par sublimation du solvant, est ensuite 

10 calcine. 

Lorsque les precurseurs introduits dans le milieu li- 
quide reagissent entre eux de maniere a former un copreci- 
pite, le coprecipite peut etre extrait du milieu liquide par 
filtration. Le precipite obtenu peut ensuite etre seche et 
15 calcine par un precede conventionnel . 

Lorsque 1 ' introduction des precurseurs dans le milieu 
liquide n'aboutit pas a la formation d'un precipite, il est 
possible d'introduire im agent de precipitation dans ledit 
milieu liquide. Le coprecipite ainsi obtenu est extrait par 
20 filtration, puis lave afin d'eliminer le cation provenant de 
1« agent de precipitation. Ensuite le precipite lave obtenu 
peut etre seche et calcine par les precedes conventionnels . 
II peut egalement etre remis en suspension dans I'eau et 
traite par les precede de sechage et/ou de calcination men- 
25 tiennes ci-dessus. C'est-a-dire la suspension peut etre sou- 
mise a une atomisatien (spray-drying) suivie d'une calcina- 
tion, a une cryo-dessication suivie d'une calcination ou en- 
core a une atomisatien/ calcination. 

La calcination selon les methodes conventionnelles du 
30 melange de precurseurs seche est effectuee sous atmosphere 
oxydante. 

L' utilisation lors de la mise en eeuvre du precede de 
la presente invention, de melanges de precurseurs obtenus en 
milieu liquide permet d'effectuer la calcination a une tem- 
35 perature plus faible et/ou pendant une duree plus courte que 
dans les precedes de I'art anterieur. On choisit les parame- 
tres de la calcination de maniere a obtenir une surface spe- 
cif ique comprise entre 1,5 et 50 mVg- 
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Les composes de la presente invention sont utiles pour 
1. elaboration d' electrodes pour les batteries au lithium. 
L'utilisation des composes de la presente invention pour 
1. elaboration d-electrodes positives est particulierement 
5 interessante. En effet, les dits composes permettent d'aug 
menter la surface specif ique de 1' electrode, et par conse- 
quent la densite de puissance de la batterie comprenant 
ladite electrode, ce qui constitue un avantage recherche 

pour cette application. . , , 

10 En outre, il est souhaitable d'abaisser le potentxel de 

1. electrode positive afin d-eviter la degradation de 1- elec- 
trolyte lors de la charge. Ainsi, une electrode positive de 
LiCoO, presente un potential eleve, ce qui necessite I'utx 
lisation d'un electrolyte tres stable. Une electrode constx- 
15 tuee par le compose Li,Co,.^0„ M etant Ni ou Mn par exem- 
ple prepare selon le precede de la presente invention, 
presente un potentiel moins oxydant, ce qui permet de Ixmx- 
ter la degradation de 1« electrolyte. 

La presente invention est expliquee plus en detaxl a 
20 I'aide des exemples de realisation ci-dessous, donnes a 
titre illustratif, mais non limitatif. 

Les exemples 1 a 6 concernent la preparation de compo- 

ses oxydes. 

KXEMPLE 1 

Preparation de LiyCoOj 
on a prepare une solution aqueuse contenant 1,76,2 g/1 
de lithine (I.iOH,H20) sous agitation a 100 "C. A cette solu- 
tion on a ajoute 0,8 1 d'une solution aqueuse de CoCl^ a 
125 5 g/1 en maintenant le pH a une valeur inferieure a 4 

30 par' addition d'acide chlorhydrique, le pH final etant 3,7. 
Le melange obtenu a ensuite ete chauffe a lOO'C. 
Parallelement, on a dissous 426,8 g de carbonate de sodxum 
dans 1 litre d'eau et on a melange progress ivement les deux 
solutions. Apres agitation pendant 2 heures a lOO'C, on a 

35 filtre, puis on a remis en suspension dans 2 1 d'eau. 
L- operation de remise en suspension - filtration a ete 
renouvelee trois fois. 
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Differents echantillons du precipite obtenu ont ensuite 
ete calcines dans un four a moufle, avec balayage d'air. Le 
gateau du precipite a ete traite en lit statique dans une 
nacelle equipee ou non d'un couvercle. La montee en tempera- 
ture pour atteindrc le palier etait soit lente (environ 
2 heures) , soit rapide (environ 30 min) . 

Tous les composes obtenus, observes au microscope elec- 
tronique h balayage, presentent !• aspect de plaquettes et 
leur diagrarame de diffraction des rayons X fait apparaitre 
les raies caracteristiques de LiCoOz, en conformite avec la 

fiche ASTM 16-0427- 

D'autres caracteristiques des produits obtenus dans 
differentes conditions de calcination sent donnees dans le 
tableau 1 ci-dessous. 

TABIiEAU 1 



conditions de calcination 


caracter 


istiques 


de Pessai 


temperature 
fC) 


duree du 
palier (h) 


montee en 
temperature 


couvercle 


S. BET 
(m^/g) 


taillede 
grains (^m) 


LCI 


550 


0.5 


lente 


non 






LC2 


550 


1 


lente 


oui 




«0.3 


LC3 


550 


2,3 


lente 


non 


14,61 


«0,1 


LC4 


650 


2 


rapide 


non 


2,99 


:=0.3 



20 



25 



EXEMPTS 2 

Preparation de composes LiyCoo jNi^TOj et LiyCOo zNics^a 
On a reproduit le mode operatoire mis en oeuvre dans 

I'exemple 1, en ajoutant du chlorure de nickel a la solution 

du chlorure de cobalt en quantite telle que I'on obtienne la 

stoechiometrie souhaitee. 

La calcination du precipite obtenu a ete effectuee de 

la meme memiere que dans I'exemple 1. 

Tous les composes obtenus, observes au microscope elec- 

tronique a balayage, presentent 1' aspect de plaquettes, et 

leur diagramme de diffraction des rayons X fait apparaitre 

les raies caracteristiques de LiyMOg. 
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D'autres caracteristiques des produits obtenus dans 
differentes conditions de calcination sont donnees dans le 
tableau 2 ci-dessous. 

TABLEAU 2 



conditions de calcination 


caract6ristiques 


N'* de Pessai 


temperature 
PC) 


duree du 
palier (h) 


montee en 
temperature 


couvercle 


S. BET 

(m^/g) 


Taille de 
grains (^/m) 


LCN1 


550 


2 


lente 


oui 


19,01 


^0.1 


LCN2 


650 


2 


rapide 


oui 


2.56 


^0,3 


LCN3 


550 


2 


lente 


oui 


17,53 


:^0.2 


LCN7 


650 


2 


rapide 


OUI 


1.66 


=^0.5 



EXEMPLE 3 
Preparation de composes LiyMn204 
On a reproduit le mode operatoire mis en oeuvre dans 
10 I'exemple 1, en rempla^ant le chlorure de cobalt par du 
chlomre de manganese. 

La calcination du precipite obtenu a ete effectuee de 
la meme maniere que dans I'exemple 1, a xane temperature de 
650**C, 

15 Le compose obtenu, observe au microscope electronique a 

balayage, presente 1' aspect de plaquettes, et son diagramme 
de diffraction des rayons X fait apparaitre les raies carac- 
teristiques de LiyMn204. 

La taille des grains du compose obtenu est d' environ 
20 0,3 /xm et sa surface specif ique B.E.T. est de 7,85 mVg* 

EXEMPLE 4 

Preparation de composes LiyMng sNIq 5O2 
On a reproduit le mode operatoire mis en oeuvre dans 
I'exemple 3, en ajoutant du chlorure de nickel a la solution 
25 de chlorure de manganese en quantite telle que I'on obtienne 
la stoechiometrie souhaitee. 

La calcination du precipite obtenu est effectuee de la 
meme maniere que dans I'exemple 1. 

Tous les composes obtenus, observes au microscope elec- 
30 tronique a balayage, presentent 1' aspect de plaquettes, et 
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leur diagramme de diffraction des rayons X fait apparaitre 
les raies caracteristiques de LiyM02 et de LiyM204. 

D'autres caracteristiques des produits obtenus dans 
differentes conditions de calcination sont donnees dans le 
5 tableau 3 ci-dessous. 

TABLEAU 3 



conditions de calcination 


caracteristiques 


de ressai 


temperature 
CC) 


duree du 
palier (h) 


montee en 
temperature 


couverde 


S. BET 

(m^/g) 


Taille de 
grains (fim) 


LMN1 


650 


2 


rapide 


oui 


36 


^0,1 


LMN2 


750 


2.3 


rapide 


oui 


20 


«0,3 



L'examen des caracteristiques des differents composes 
10 obtenus apres calcination montre les faibles tallies de 
grains (inferievire a 1 }Jm) et confirme la grande surface 
specif ique (superieure a 1,5 TS?/g) par rapport aux caracte- 
ristiques des composes de I'art anterieur. 

EXEMPIiE 5 

15 Preparation de LiCoO^ par co-atomisation 

On a dissous de la lithine (Li0H-H20) dans une solution 
d" acetate de cobalt, en presence d'acide acetique de maniere 
a maintenir le pH a une valeur inferieure a 4. Les propor- 
tions relatives des sels sont telles que le rapport atomique 

20 Li/Co soit egal a 1. 

L'atomisation de cette solution donne des sels co-cris- 
tallises qui se presentent sous forme de granules spheriques 
d' environ 30 /im de diametre. Des echantillons de ces sels 
ont ete calcines dans des conditions differentes. 

25 Les composes obtenus, observes au microscope electroni- 

que a balayage, presentent 1" aspect de placjuettes, et leur 
diagramme de diffraction des rayons X fait apparaitre les 
raies caracteristiques de LiyM02. 

D'autres caracteristiques de ces composes sont dormees 

30 dans le tableau 4 ci-dessous. 
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TART.TCAn 4. 



conditions de calcination 


caracteristiques 


de I'essai 


temperature 
CC) 


duree du 
paiier (h) 


montee en 
temperature 


couvercle 


S- BET 

(m2/g) 


Tailie de 
grains {fim) 


LC5 


580 


3,10 


lente 


out 


10.49 




LC6 


550 


1,30 


lente 


non 


2.48 





EXEMPLE 6 

Preparation de LiCo02 par co-atomisation 
5 On a mis en suspension dans une solution de li thine 

(LiOH-H20) un gateau humide d'hydroxyde de cobalt par 
malaxage. Les proportions relatives des hydroxydes etaient 
telles que le rapport atomique Li/Co soit egal a 1. La 
concentration en matiere solide a ete ajustee de mciniere a 
10 obtenir la fluidite necessaire a une bonne atomisation. 

L'atomisation de cette suspension a donne des granules 
splieriques de 15 a 50 Aim. Les granules contiennent 5,47% de 
Li et 48% de Co. Des echantillons de ces granules ont ete 
calcines dans differentes conditions. 
15 Les composes obtenus ont une structure lamellaire 

confirmee par microscopie electronique a balayage, et leur 
diagramme de diffraction des rayons X fait apparaltre les 
raies caracteristiques de LiyMOj. 

D'autres caracteristiques de ces composes sont donnees 
20 dans le tableau 5 ci-dessous, 

TABLEAU 5 



conditions de calcination 


caracteristiques 


de ressal 


temperature 
CC) 


duree du 
paiier (h) 


montee en 
temperature 


couvercle 


S. BET 

(m^/g) 


Taniede 
grains Qm) 


LC7 


560 


2.15 


lente 


oui 


35.52 


«0,1 


LC8 


550 


2 


lente 


non 


13.72 





Les exemples 7 a 9 ci-dessous se rapportent a des tests 
electrochimiques . 
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Des cellules electrochimiques de type bouton (CR 2430) 
ayant un diametre exterieur de 24 mm et une epaisseur de 
3 mm ont ete elaborees. Le pole negatif est constitue par un 
disque en lithivm metallique de 20 mm de diametre decoupe 
5 dans une feuille de 200 /im d' epaisseur (commercialisee par 
la societe Lithco) . Le separateur est un disque decoupe dans 
une feuille de polypropylene micro-poreux, foumie sous la 
marque Celgard 2400 par la societe Sanyo. L ' electrolyte est 
obtenu par dissolution d"un sel de lithium, LiBF4, dans un 

10 melange comprenant du carbonate de propylene, du carbonate 
d' ethylene et du dimethoxyethane. L' electrode positive est 
line electrode composite. Elle consiste en une pastille de 
8 mm de diametre, obtenue par pressage sous 2 tonnes/ cm^ 
d"un melange de LiyM02, de noir d' acetylene qui ameliore la 

15 conductance de 1' electrode, et de poly (oxyde d' ethylene) 
qui sert de liant. La masse totale de la pastille sechee est 
de I'ordre de 30 a 50 mg, ce qui correspond a une capacite 
theorique de la batter ie de 4 a 7 mAh. Des disques en acier 
inoxydable sont utilises comme amenees de courant de telle 

20 sorte que la chaine electrochimique corresponde au schema 
suivant : 

(-) inox/Lithium I Electrolyte I LiMO^/inox {+) 

I (separateur) j 

25 Les tests charges/decharges ont ete effectues sous 

regime galvanostatique , le potentiel etant limite a 4,2 V 
lors de la charge et a 3,2 V lors de la decharge. JL' inten- 
sity de courant etait choisie de telle sorte que la capacite 
theorique totale soit atteinte en 10 h (regime C/10) . Le 

30 calcul de cette capacite est base sur I'hypothese d'un 
echange de 0,5 Li par unite MO2 au cours des cycles, ce qui 
comrespond a une composition comprise entre LiM02 et 
Lig ^ 5MO2 - 

Des tests de polarisation ont aussi ete effectues pour 
35 verifier le comportement de la cellule electrochimique 
lorsqu'elle est soumise a un courant electrique d'intensite 
constante pendant quelques minutes, Les tests de polarisa- 
tion ont ete effectues a des intensites de courant de diffe- 
rentes valexirs qui correspondent aux regimes de decharge en 
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C/n suivants (C representant la capacite de la batterie et n 
la diiree pour obtenir une decharge complete) : C/IOOO, 
C/500, C/100, C/50, C/10, IC et 2C, ce qui signifie une 
duree de decharge allant de 1000 h a 1/2 h. 
5 EXEMPIiE 7 

Realisation d'une cellule electrochimicjue contenant LC8 
Une cellule electrochimique ayant la structure decrite 
ci-dessus a ete preparee avec le compose LC8 de I'exemple 6. 
Cette cellule a ete soumise a un cyclage galvanostatique 
10 dans les conditions indiquees ci-dessus. 

La figure 1 presente 1' allure generale des 6 premiers 
cycles^ la figure 2 est tme presentation agrandie du 
deuxieme cycle. L'on constate que la charge s'est effectuee 
en 9,5 h et la decharge en 9 h, durees proches de la duree 
15 theorique de 10 h. 

Le rendement faradique du cycle est par consec[uent 
9/9,5 X 100, soit de I'ordre de 95%. 

La quantite minimale de lithium echange au cours de la 
decharge represente 90% de la valeur theorique, ce qui 
20 correspond a une variation Ax de la teneur x dans LixCo02 de 
0,45 (entre 1 et 0,55 au lieu de 1 et 0,5 theorique). 

Les valeurs moyennes des tensions de charge et de 
decharge (e) sont respect ivement d* environ 3,95 et 3,90 V. 

Le rendement energetique du cycle est done de 
25 95x3,9/3,95, soit 93,8%. 

La densite d'energie atteinte calculee par la relation 
Dg = Ax.F.e/3,6M est de 480 Wh/kg pour LiCo02. {F=96500 C ; 
M — masse molaire de LiCo02) . 

La figure 3 represente les courbes de polarisation a la 
30 charge et a la decharge ofatenues avec le compose LC8, les 
tests etant effectues sur une batterie prealablement char- 
gee. La densite de puissance P est calculee selon la formule 

exQ 

P = 

n 

dans laquelle e represente le potentiel de decharge, Q re- 
35 presente la capacite massique theorique de LiCo02 (-134 
mAh/gramme) , et n repesente le regime de decharge (C/n) . La 
densite de puissance maximale est obtenue a partir du 
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dernier point de la courbe de decharge, pour lequel n=l et 
e=3,8 V : 

3,8x134 
P = -^—^ = 509 W/kg 

EXEMPIxE 8 

5 Realisation d*une cellule electrochimique contenant LC4 

Une cellule electrochimique ayant la structure decrite 
ci-dessus a ete preparee avec le compose LC4. Cette cellule 
a ete soumise a un cyclage galvanostatique dans les condi- 
tions indiquees ci-dessus* 
10 La figure 4 represente le quatrieme cycle charge / de- 

charge- L'on constate que la charge et la decharge se sont 
effectuees chacune en 9 h. 

Des performances analogues a celles de la cellule de 
I'exemple 7 sont realisees, 
15 EXEMPLE 9 

Realisation d'une cellule electrochimique contenant 

LiyCoo jNip 7O2 

Une cellule electrochimique ayant la structure decrite 
ci-dessus a ete preparee avec le compose LiyCoQ jNig 7O2. Cette 
20 cellule a ete soumise a un cyclage galvanostatique dans les 
conditions indiquees ci-dessus. 

La figure 5 represente le deuxieme cycle charge / de- 
charge. L'on constate que la charge et la decharge se sont 
respect ivement effectuees en 8 h et 7,4 h. 
25 Le rendement faradique du cycle est par consequent 

7,4/8 X 100, soit de I'ordre de 92,5%. 

La quant ite minimale de lithium echange au cours de la 
decharge represente 74% de la valeur theorique. 

Les valeurs moyennes des tensions de charge et de 
30 decharge (e) sont respect ivement d' environ 3,81 V et 3,48 V. 

Le rendement energetique du cycle est done de 
92,5x3,48/3,81, Soit 84,7%. 

La densite d'energie atteinte calculee par la relation 
Dg = Ax.F.e/3,6M est de 357 Wh/kg. 
35 L'on constate ainsi que la substitution de 70% de 

cobalt par du nickel, meme si elle reduit legerement la 
tension de fonctionnement de la batterie, ce qui lui assure 
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une meilleure durabilite, n' affects pas d'une maniere tres 
significative le rendement faradique et le rendement energe- 
tique, et la densite d'energie, 

EXEMPI.E COMPARATIF 
5 Deux piles ont ete elaborees de la meiae maniere que 

precedenment, en utilisant comme materiau d' electrode posi- 
tive un oxyde mixte obtenu par calcination de precurseurs 
melanges sous forme de poudres a I'etat sec, les poudres 
etant respectivement des carbonates (produit A) et des 
10 oxydes (produit B) . Les regimes de charge/decharge ont ete 
fixes a C/10- 

Les figures 6 et 7 representent les 6 premiers cycles 
obtenus respectivement avec le produit A et le produit B. La 
duree totale des cycles (charge + decharge) est inferieure a 
15 10 h avec de tres foirbes pentes a la fin de chaque opera- 
tion. La capacite echangee represente environ 50% de celle 
obtenue avec des electrodes positives constituees par des 
composes oxydes de la presente invention. 
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REVENDICATIONS 

1. Compose repondant a la foraule LinyCMi-x^'x) n^nz dans 
laquelle n est 1 ou 2^ caracterise en ce c(ue M et M' sont 
identiques ou differents et sont choisis parmi les metaux de 

5 transition, en ce que 0<x<l, 0<y<l, l,B<z<2,2, et en ce que 
ledit compose presente une surface specif ique superieure a 
1,5 mVg- 

2. Compose selon la revendication 1, caracterise en ce 
que la surface specif ique est comprise entre 1,5 et 50 mVg- 

10 3. Compose selon la revendication 1, caracterise en ce 

que M et M' sont choisis parmi Ti, V, Mn, Cr, Fe, Co, Ni, 
Zr, Nb, Ta, W, Mo et Re, 

4. Precede de preparation d'un compose IjX^(l/L^,y^\) 
selon la revendication 1, dans lequel on prepare un melange 

15 de precurseurs choisis parmi les sels des metaux M et M', on 
le seche et on le calcine, caracterise en ce que I'on 
prepare le melange de precurseurs en milieu liquide. 

5. Precede selon la revendication 4, caracterise en ce 
que les sels sont choisis parmi les carbonates, les oxydes, 

20 les hydroxydes, les acetates, les nitrates, les oxalates, 
les alcoolates et les alcoxydes. 

6. Precede selon la revendication 4, caracterise en ce 
que I'on met les precurseurs en solution et/ou en suspension 
dans un solvant approprie. 

25 7. Precede selon la revendication 4, caracterise en ce 

que I'on extrait le melange de precurseurs du milieu liquide 
et on le seche par atomisation (spray-drying) , et en ce que 
I'on soumet les cristaiix sees obtenus a une calcination. 

8. Precede selon la revendication 4, caracterise en ce 
30 que I'on extrait le melange de precurseurs du milieu liquide 

par co-atomisation/ calcination. 

9. Precede selon la revendication 4, caracterise en ce 
que I'on extrait le melange de precurseurs du milieu liquide 
par cryo-dessication et en ce que I'on soumet le produit sec 

35 obtenu a ixne calcination. 

10. Precede selon la revendication 4, caracterise en ce 
que les precurseurs introduits dans le milieu liquide 
reagissent entre eux de maniere a former un coprecipite. 
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I'on extrait le coprecipite obtenu du milieu liquide par 
filtration, puis on le seche et on le calcine. 

11. Precede selon la revendication 4, caracterise en ce 
qu*on ajoute un agent de precipitation au melange de precur- 

5 seurs dans le milieu liquide, on extrait le coprecipite du 
milieu liquide par filtration, on le lave, puis on le seche 
et on le calcine. 

12. Procede selon la revendication 4, caracterise en ce 
que la calcination est effectuee sous atmosphere oxydante. 

10 13. Procede selon la revendication 6, caracterise en ce 

que le solvant est choisi parmi I'eau et les alcools en C-^ a 
C4. 

14. Electrode comprenant un compose selon la revendica- 
tion 1 comme matiere active. 
15 15, Batterie au lithium comprenant comme electrode 

positive, une electrode selon la revendication 14. 

16. Batterie au lithium comprenant comme electrode 
negative, une electrode selon la revendication 14. 
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The present invention relates to lithium and transition metal oxide compounds, to their 
preparation and to their use for the production of electrodes for batteries. 

Lithium cells and batteries are known. So-called "lithium ion" batteries function 
according to the so-called "rocking chair" principle according to which the lithium is transferred 
inside of the electrochemical cell between two electrodes consisting of lithium insertion 
compounds, with low electrical potential for the negative pole, with high electrical potential for 
the positive pole. They contain active electrodes consisting of quite varied matenals. The 
positive electrode must consist of a material which has a high redox potential and a high specific 
or volumetric capacity capacitance, and which makes possible suitable reversibility of the 

• [Numbers in the right margin indicate pagination in the original foreign language text.] 
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electrode reaction in the course of charging (oxidation) and discharging (reduction) cycles. 
Furthermore, it is desirable for said material not to be toxic and for its cost to be low. 

The compounds of the LiMOa type, in which M represents Co, Ni and/or Mn, offer a 
good compromise of the criteria above. For example, it is possible to mention the phase LiCo02 
[R.J. Gummow et al.. Mat. Res. Bull. 27 (1992), 327; H. Sekai et al., EP-891 15940.2; K. 
Mizushima et al.. Mat. Res. Bull. 15 (1980), 783 and Solid State Ionics 3-4 (1981) 171; 
US-A-4302518; US-A-4357215; M.G.S.R. Thomas et al., J. Electrochem. Soc. 132 (1985) 132; 
J.J. Aubom et al., Proc. Symp. Lithium Batteries, (1986) p. 256]. It is also possible to mention 
LiNi02 which has a lower oxidizing power compared to the cobalt compound, which would 
make possible a greater stability of the electrolyte [J.R. Dahn et al., Solid State Ionics, 44 (1990) 
87]. 

The conventional method for preparation of the LiMOz compounds consists of a thermal 
treatment between 700 and 900°C of a mixture of carbonates (Mizushima previously cited; A. 
Mendiboure et al.. Mat. Res. Bull. 19 (1984) 1382], of oxides or hydroxides of cobalt and lithium 
[A. Lecerf et al., EP-89110158 and EP0345707] or of acetates of cobalt and lithium [J.R. Dahn 
et al., Solid State Ionics, 44 (1990) 87]. The methods, based on the reactivity in solid phase of 
mixtures of powders, require thermal treatments of long duration even at high temperatures in 
order to ensure chemical homogenization and good crystallinity of the final LiM02 product. The 
"carbonate" method, for example, requires calcining in air at 900°C. A lower temperahire 
calcining method was then tried, but the performances of the LiCo02 obtained then proved to be 
less suitable than those of the compound obtained at 900°C [J.R. Dahn et al., J. Electrochem. 
Soc. 138 (1991) 2207]. The "oxides" method includes calcining at 700°C; the performances of 
the products which are obtained are similar to those of the conventional compounds [A. Lecerf, 
previously cited]. The "acetates" method allowed one to lower the calcining temperature to 
300°C [P. Barboux et al., J. Solid State Ionics, 94 (1991) 158]. 

The thermal treatment used in the processes of prior art nevertheless promotes the 
crystalline growth of the powders whose grain size is generally a few microns and whose 
specific surface area, measured by the BET method, is on the order of 1 mVg. 

The aim of the present invention is to provide a material which can be used as the 
material for the production of the positive electrode and/or of the negative electrode of a lithium 
battery or cell, which has improved performances with respect to the materials of the prior art 
and which can be obtained at a lower cost. 

To this effect, the present invention relates to compounds which are lithium and transition 
metal oxides, to a process for obtaining such compounds, as well as to the use of these 
compounds for the production of a positive electrode or a negative electrode in a lithium battery 
or cell. 
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A compound according to the invention, which corresponds to the formula 
Li„y(M,.xM'x).Onz in which n is 1 or 2, is characterized by the fact that M and M' are identical or 
different and are chosen from the transition metals, by the fact that 0<x<l,0<y^l,1.8<z^ 
2.2, and by the fact that said compound has a specific surface area greater than 1 .5 mVg. 

A compound in which M and/or M' is chosen from Ti, V, Mn, Cr, Fe, Co, Ni, Zr, Nb, Ta, 
W, Mo and Re is particularly preferred. 

Preferably, the specific surface area of the compounds of the present invention, 
determined by the BET method, is between 1 . 5 and 50 mVg. 

hi the rest of the text, the compounds of the invention for which n = 1 will be designated 
as LiM02, and the compounds for which n = 2 will be designated as spinels. 

The process for preparation of the Li„y(M,.xM'x)nO„z compounds of the present invention 
is a process in which a mixture of precursors, chosen from the salts of the metals M and M' in 
consideration, is prepared, dried and calcined. It is characterized by the fact that the mixture of 
precursors is prepared in a liquid medium. 

Among the salts which can be used as precursors, it is possible to mention the carbonates, 
the oxides, the hydroxides, the acetates, the nitrates, the oxalates, the alcoholates and the 
alkoxides. 

The preparation of the mixture of precursors in a hquid medium includes a step in the 
course of which the precursors are put in solution and/or in suspension in an appropriate solvent. 
Then, the mixture is extracted from the hquid medium, dried and calcined. Preferably, the 
solvent is chosen from water and the Ci to C4 alcohols. 

In one embodiment of the process of the invention, the mixture of precursors is extracted 
from the liquid medium and dried by atomization (spray drying). This process consists of 
spraying the solution or suspension m an atmosphere of air or nifrogen brought to a sufficient 
temperature to evaporate the solvent. Dry crystals are thus obtained, which then undergo 
calcining allowing one to obtain a compound according to the invention. 

In another embodiment, the mixture of precursors is exfracted from the liquid medium by 
co-atomization/calcining. This process consists of spraying the solution or suspension in an 
atmosphere of air or nifrogen brought to the temperature of calcining. The drying and calcining 
are simultaneous. A compound according to the present invention is thus obtained directly. 

Furthermore, in a third embodiment, the mixture of precursors is extracted from the 
liquid medium by cryo-desiccation. This process consists of bringing the medium to a 
temperature lower than its freezing temperature, and then putting the frozen medium under 
vacuum. The mixture of dried precursors, obtained by sublimation of the solvent, is then 
calcined. 
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When the precursors introduced into the liquid medium react together in such a way as to 
form a co-precipitate, the co-precipitate can be extracted from the liquid medium by filtration. 
The precipitate obtained can then be dried and calcined by a conventional process. 

When the introduction of the precursors into the liquid medium does not result in the 
formation of a precipitate, it is possible to introduce a precipitation agent into said liquid 
medium. The co-precipitate thus obtained is extracted by filtration, and then washed in order to 
eliminate the cation coming from the precipitation agent. Then the washed precipitate which is 
obtained can be dried and calcined by conventional processes. It can also be put back in 
suspension in water and treated by the drying and/or calcining processes mentioned above. That 
is to say that the suspension can be subjected to atomization (spray drying) followed by 
calcining, to cryo-desiccation followed by calcining or else to atomization/calcining. 

Calcining of the dried mixture of precursors according to conventional methods is done 

in an oxidizing atmosphere. 

In the implementation of the process of the present invention, the use of mixtures of 
precursors obtained in liquid medium allows one to perform the calcining at a lower temperature 
and/or for a shorter time than in the processes of prior art. The calcining parameters are chosen 
so as to obtain a specific surface area between 1.5 and 50 m /g. 

The compounds of the present invention can be used for the production of electrodes for /5 
lithium batteries. The use of the compounds of the present invention for the production of 
positive electrodes is of particular interest. In effect, said compounds make it possible to increase 
the specific surface area of the electrode and consequently the power density of the battery 
containing said electrode, which constitutes an advantage which is sought after for this 
application. 

Furthermore, it is desirable to lower the potential of the positive electrode in order to 
avoid degradation of the electrolyte during charging. Thus, an LiCoOz positive electrode has a 
high potential, which necessitates the use of a very stable electrolyte. An electrode consisting of 
the compound LiyCoi.xMxOz, M being Ni or Mn, for example, prepared according to the process 
of the present invention, has less oxidizing potential, which makes it possible to limit the 
degradation of the electrolyte. 

The present invention is explained in more detail with the help of the execution examples 

below given on an illusfrative but non-limiting basis. 

Examples 1 to 6 relate to the preparation of oxide compounds. 
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Example 1 

Preparation of LiyCoOa 

An aqueous solution containing 176.2 g/L of lithium hydroxide (LiOH, H2O) was 
prepared with stirring at 100°C. 0.8 L of an aqueous solution of C0CI2 containing 125.5 g/L was 
added to this solution, with the pH maintained at a value less than 4 by addition of hydrochloric 
acid, the final pH being 3.7. The mixture obtained was then heated to 100°C. In parallel, 426.8 g 
of sodium carbonate were dissolved in 1 L of water, and the two solutions were gradually mixed. 
After stirring for 2 h at 100°C, this was filtered and then put back in suspension in 2 L of water. 
The operation of putting back in suspension - filtration was repeated three times. 

Different samples of the precipitate obtained were then calcined in a muffle fiimace 
swept with air. The cake of precipitate was treated in stationary bed in a vessel equipped or not 
with a cover. The rise in temperature to reach the plateau was either slow (approximately 2 h) or 

fast (approximately 30 min). 

All the compounds obtained, observed using the scanning electron microscope, have the 
appearance offtakes, and their X ray diffi-action diagram shows the characteristic lines of 
LiCo02, in conformity with the ASTM 16-0427 card. 

Other characteristics of the products obtained under different calcining conditions are 

given in Table 1 below. 
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Table 1 



(7) conditions de calcireition 



(^caracteristiques 



hfde fessai 

® 


temperature 


duree du 
^palier (h) 


jnont^een 
TCmperature 


couverde 

© 


S.BET 
®(m2/g) 


/-Ntanie de 

^ • , ^ 
grains iiim) 


LCI 


550 


0.5 


lenle -t 


non© 






LC2 


550 


1 


lente® 


oul @ 




»0,3 


LC3 


550 


2.3 


lente 


non0 


14.61 


= 0.1 


LC4 


650 


2 


rapideCir) 


non 


2,99 


«0.3 



Key: 1 Calcining conditions 

2 Characteristics 

3 No. of the test 

4 Temperature (°C) 

5 Duration of the plateau (h) 

6 Temperature rise 



i 



6 



7 Cover 

8 BET surface area (m /g) 

9 Grain size (|im) 

10 Slow 

1 1 Fast 

12 No 

13 Yes 



Example 2 

Preparation of compounds LiyCoo.3Nio.7O2 and LiyCoo.2Nio.8O2 

The mode of operation used in Example 1 was repeated, with addition of nickel chloride 
to the solution of cobalt chloride in a quantity such that the desired stoichiomtery is obtained. 

The calcining of the precipitate obtained was carried out in the same manner as in 
Example 1 . 

All the compounds obtained, observed using the scanning electron microscope, have the 
appearance offtakes, and their X ray diffraction diagram shows the characteristic lines of 
LiyM02. 

Other characteristics of the products obtained under different calcining conditions are 
given in Table 2 below. 
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Table 2 



conditions de calcination 
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istiques 
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temperature 
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oui ( 




19.01 
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LCN2 
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2.56 
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LCN3 
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lente © 


oui 




17,53 


»0.2 


LCN7 


650 


2 


rapide© 
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1,66 


=»0.5 



Key: 1 Calcining conditions 

2 Characteristics 

3 No. of the test 

4 Temperature (°C) 

5 Duration of the plateau (h) 

6 Temperature rise 

7 Cover 
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8 BET surface area (m^/g) 

9 Grain size (|im) 

10 Slow 

1 1 Fast 

12 Yes 



Example 3 

Preparation of compounds LiyMn204 

The mode of operation used in Example 1 was repeated, with replacement of the cobalt 

chloride by manganese chloride. 

The calcining of the precipitate obtained was carried out in the same manner as in 

Example 1, at a temperature of 650°C. 

The compound obtained, observed using the scanning electron microscope, has the 
appearance offtakes, and its X ray diffraction diagram shows the characteristic lines of 
LiyMn204. 

The grain size of the compound obtained is approximately 0.3 \im, and its B.E.T. specific 
surface area is 7.85 m /g. 



Example 4 

Preparation of compounds LiyMno.5Nio.5O2 

The mode of operation used in Example 3 was repeated, with addition of nickel chloride 
to the solution of manganese chloride in a quantity such that the desired stoichiomtery is 
obtained. 

The calcining of the precipitate obtained was carried out in the same manner as in 
Example 1. 

All the compounds obtained, observed using the scanning electron microscope, have the 
appearance offtakes, and their X ray diffraction diagram shows the characteristic lines of 

LiyM02 and of LiyM204. 

Other characteristics of the products obtained under different calcining conditions of are 

given in Table 3 below. 
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Table 3 



conditions de calcination 


caract§r 


IsQques 
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temperature 
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2 
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36 
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2,3 
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Key: 1 Calcining conditions 

2 Characteristics 

3 No. of the test 

4 Temperature (°C) 

5 Duration of the plateau (h) 

7 Cover 

8 BET surface area (m^/g) 

9 Grain size (|xm) 

10 Fast 

11 Yes 

Examination of the characteristics of the different compounds obtained after calcining 
shows the small grain sizes (less than 1 ^lm) and confirms the high specific surface area (greater 
than 1.5 mVg) with respect to the characteristics of the compounds of prior art. 

Example 5 

Preparation of LiCoOz by co-atomization 

Lithium hydroxide (LiOH-HzO) was dissolved in a solution of cobalt acetate, in the 
presence of acetic acid in such a way as to maintain the pH at a value less than 4. The relative 
proportions of the salts are such that the Li/Co atomic ratio is equal to 1 . 

The atomization of this solution gives co-crystallized salts which are present in the fom 
of spherical granules approximately 30 ^m in diameter. Samples of these salts were calcined 
under different conditions. 

The compounds obtained, observed using the scanning electron microscope, have the 
appearance of flakes, and their X ray diffraction diagram shows the characteristic lines of 
LiyMOa. 

Other characteristics of these compounds are given in Table 4 below. 



/9 



9 



Table 4 



(T)condraons de calcination 


@ caracter 


Istiques 


N** de Fessai 

@ 


temperature 
® CC) 


duree du 
^^ier(h) 


jqnontee en 
remperature 


couverde 
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S.BEr 
^(m2/g) 


^-Taille de 
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LC5 
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3,10 


lente© 


oui (fO 


10.49 




LC6 
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1,30 


lente ^ 


non @ 


2.48 





1 


Calcining conditions 


2 


Characteristics 


3 


No. of the test 


4 


Temperature (°C) 


5 


Duration of the plateau (h) 


6 


Temperature rise 


7 


Cover 


8 


BET surface area (m^/g) 


9 


Grain size (|xm) 


10 


Slow 


11 


Yes 


12 


No 



Example 6 

Preparation of LiCoOa by co-atomization 

A moist cake of cobalt hydroxide is put in suspension in a solution of Uthium hydroxide 
(LiOH-H2o) by kneading. The relative proportions of the hydroxides were such that the Li/Co 
atomic ratio is equal to 1. The concentration in terms of soUd material was adjusted in such a 
way as to obtain the necessary fluidity for suitable atomization. 

The atomization of this suspension gave rise to spherical 15 to 50 ^m granules. The 
granules contain 5.47% Li and 48% Co. Samples of these granules are calcined under different 
conditions. 

The compounds obtained have a lamellar structure which is confirmed by scanning 
electron microscopy, and their X ray diffraction diagram shows the characteristic lines of 
LiyM02. 

Other characteristics of these compounds are given in Table 5 below. 
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Table 5 



(7) conditions de calcination 


(x)caracter 


i^iques 


tr de Fessal 

@ 


temperature 

®rc) 


duree du 
^palier (h) 


jTiontee en 
TOnperature 


couverde 

® 


^(m2/g) 


^TaBIe de 
grains {fan) 


LC7 


560 


2.15 


lente 


oui ® 


35,52 


»0,1 


LC8 


550 


2 


lente 


non@ 


13.72 





Key: 1 


Calcining conditions 


2 


Characteristics 


3 


No. of the test 


4 


Temperature (°C) 


5 


Duration of the plateau (h) 


6 


Temperature rise 


7 


Cover 


8 


BET surface area (m^/g) 


9 


Grain size (i^m) 


10 


Slow 


11 


Yes 


12 


No 



Examples 7 to 9 below relate to electrochemical tests. 

Electrochemical cells of button type (CR 2430) with an exterior diameter of 24 mm and 
a thickness of 3 mm are produced. The negative pole consists of a disk made of metallic lithium 
20 mm in diameter cut from a 200 ^m thick sheet (marketed by the company Lithco). The 
separator is a disk cut from a sheet of micro-porous polypropylene, provided under the brand 
Celgard 2400 by the company Sanyo. The electrolyte is obtained by dissolution of a lithium salt, 
LiBF4, in a mixture containing propylene carbonate, ethylene carbonate and dimethoxyethane. 
The positive electrode is a composite electrode. It consists of a pellet 8 mm in diameter, obtained 
by pressing a mixture of LiyM02, acetylene black which improves the conductance of the 
elecfrode, and poly(ethylene oxide) which serves as a binder under 2 metric tons/cml The total 
weight of the dried pellet is on the order of 20 to 50 mg, which corresponds to a theoretical 
capacity of the battery of 4 to 7 mAh. Disks made of stainless steel are used as current intakes so 
that the electrochemical sequence corresponds to the following diagram: 
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(-) stainless steeyiithium Electrolyte (separator) LiMOz/stainless steel (+) 

The charging/discharging tests were done using galvanostatic ratings, the potential being 
limited to 4.2 V during charging and to 3.2 V during discharging. The intensity of the current 
was chosen so that the total theoretical capacity is reached in 10 h (C/10 rating). The calculation 
of this capacity is based on the hypothesis of an exchange of 0.5 Li per MO2 unit during the 
cycles, which corresponds to a composition between LiM02 and Lio.5M02. 

' Polarization tests were also done in order to verify the behavior of the electrochemical 
cell when it is subjected to an electric current of constant intensity for a few minutes. The 
polarization tests were done at current intensities of different values which correspond to the 
following discharging ratings in C/n (C representing the capacity of the battery and n the 
duration in order to obtain complete discharging): C/1000, C/500, C/100, C/50, C/10, IC and 2C, 
which means a discharging duration ranging from 1000 h to V2 h. 

Example 7 

Production of an electrochemical cell containing LC8 

An electrochemical cell with the structure described above was prepared with the 
compound LC8 of Example 6. This cell was subjected to galvanostatic cycling under the 

conditions indicated above. 

Figure 1 represents the general trend of the first 6 cycles, Figure 2 is an enlarged 
presentation of the second cycle. It is observed that the charging occurred in 9.5 h and the 
discharging in 9 h, durations which are close to the theoretical duration of 10 h. 

The farad efficiency of the cycle is consequently 9/9.5 x 100 or on the order of 95%. 

The minimum quantity of lithium exchanged in the course of the discharging represents 
90% of the theoretical value, which corresponds to a variation Ax of the content x in LixCoOa of 
0.45 (between 1 and 0.55 instead of the theoretical 1 and 0.5). 

The average values of the charging and discharging voUages (e) are respectively 

approximately 3.95 and 3.90 V. 

The energy efficiency of the cycle is therefore 95 x 3.9/3.95 or 93.8%. 

The energy density reached, calculated by the equation De = Ax.F.e/3.6M is 480 Wh/kg 
for LiCo02. (F = 96500 C: M = molar mass of LiCo02). 

Figure 3 represents the polarization curves in charging and in discharging obtained with 
the compound LC8, the tests being performed on a battery charged beforehand. The power 
density P is calculated according to the formula 
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exQ 
n 

in which e represents the discharging potential, Q represents the theoretical capacity in terms of 
weight of LiCo02 (~ 134 mAh/gram), and n represents the discharging rating (C/n). The 
maximum power density is obtained starting from the last point of the discharging curve, for 
which n = 1 and e = 3.8 V: 

p = Miil^ = 509 W/Xg 
1 

Example 8 

Production of an electrochemical cell containing LC4 

An electrochemical cell with the structure described above was prepared with the 
compound LC4. This cell was subjected to galvanostatic cycling under the conditions indicated 
above. 

Figure 4 represents the fourth charging/discharging cycle. It is observed that the chargmg 

and the discharging both occur in 9 h. 

Performances similar to those of the cell of Example 7 are realized. 



Example 9 

Production of an electrochemical cell containing LiyCoo.3Nio.7O2 

An electrochemical cell with the structure described above was prepared with the 
compound LiyCoo.3Nio.7O2. This cell was subjected to galvanostatic cycling under the conditions 
indicated above. 

Figure 5 represents the second charging/discharging cycle. It is observed that the 
charging and the discharging respectively occur in 8 h and 7.4 h. 

The farad efficiency of the cycle is consequently 7.4/8 x 100 or on the order of 92.5%. 
The minimum quantity of lithium exchanged in the course of the discharging represents 

74% of the theoretical value. 

The average values of the charging and discharging voltages (e) are respectively 

approximately 3.81 V and 3.48 V. 

The energy efficiency of the cycle is therefore 92.5 x 3.48/3.81 or 84.7%. 

The energy density reached, calculated by the equation De = Ax.F.e/3.6M, is 357 Wh/kg. 

It is thus observed that the substitution of 70% of the cobalt by nickel, even if it slightly 
reduces the operating voltage of the battery, giving it a better longevity, does not very 
significantly affect the farad efficiency and the energy efficiency, the energy density. 
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Comparative example 

Two cells were produced in the same manner as in the preceding, using as positive 
electrode material a mixed oxide obtained by calcining of precursors mixed in the form of 
powders in the dry state, the powders being respectively carbonates (product A) and oxides 
(product B). The charging/discharging ratings were set at C/10. 

Figures 6 and 7 represent the first 6 cycles obtained respectively with product A and 
product B. The total duration of the cycles (charging + discharging) is less than 10 h with very 
steep slopes at the end of each operation. The exchanged capacity represents approximately 50% 
of that obtained with positive electrodes consisting of oxide compounds of the present invention. 

Claims 

1. A compound which corresponds to the formula Li„y(Mi.xM'x)nOnz in which n is 1 or 2, 
is characterized by the fact that M and M' are identical or different and are chosen from the 
transition metals, by the fact that 0 < x < 1 , 0 < y < 1, 1 .8 < z < 2.2, and by the fact that said 
compound has a specific surface area greater than 1 .5 m /g. 

2. A compound according to Claim 1, characterized by the fact that the specific surface 
area is between 1.5 and 50 m /g. 

3. A compound according to Claim 1, characterized by the fact that M and M' are chosen 
from Ti, V, Mn, Cr, Fe, Co, Ni, Zr, Nb, Ta, W, Mo and Re. 

4. A process for preparation of a compound Liny(Mi.xM'x)nOnz according to Claim 1, in 
which a mixture of precursors, chosen from the salts of the metals M and M', is prepared, dried 
and calcined, characterized by the fact that the mixture of precursors is prepared in a liquid 
medium. 

5. A process according to Claim 4, characterized by the fact that the salts are chosen from 
the carbonates, the oxides, the hydroxides, the acetates, the nitrates, the oxalates, the alcoholates 
and the alkoxides. 

6. A process according to Claim 4, characterized by the fact that the precursors are put in 
solution and/or in suspension in an appropriate solvent. 

7. A process according to Claim 4, characterized by the fact that the mixture of 
precursors is extracted from the hquid medium, and it is dried by atomization (spray drying), and 
by the fact that the dry crystals which are obtained are subjected to calcining. 

8. A process according to Claim 4, characterized by the fact that the mixture of 
precursors is extracted from the liquid medium by co-atomization/calcining. 
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9. A process according to Claim 4, characterized by the fact that the mixture of 
precursors is extracted from the liquid medium by cryo-desiccation, and by the fact that the dry 
product which is obtained is subjected to calcining. 

10. A process according to Claim 4, characterized by the fact that the precursors 
introduced into the liquid medium react together in such a way as to form a co-precipitate, the 
co-precipitate which is obtained is extracted from the liquid medium by filfration, and it is then 
dried and calcined. 

1 1 . A process according to Claim 4, characterized by the fact that a precipitation agent is 
added to the mixture of precursors in the liquid medium, the co-precipitate is extracted from the 
liquid medium by filfration, it is washed, then dried and calcined. 

12. A process according to Claim 4, characterized by the fact that the calcining is done in 

an oxidizing atmosphere. 

13. A process according to Claim 6, characterized by the fact that the solvent is chosen 

from water and the Ci to C4 alcohols. 

14. An electrode containing a compound according to Claim 1 as the active material. 

15. A lithium battery containing as a positive elecfrode, an elecfrode according to 
Claim 14. 

16. A lithium battery containing as a negative elecfrode, an elecfrode according to 
Claim 14. 
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